Abstract. Flood is a common natural disaster and also affect the all state in Malaysia. Regarding to Drainage and Irrigation Department (DID) in 2007, about 29, 270 km 2 or 9 percent of region of the country is prone to flooding. Flood can be such devastating catastrophic which can effected to people, economy and environment. Flood hazard mapping can be used is an important part in flood assessment to define those high risk area prone to flooding. The purposes of this study are to prepare a flood hazard mapping in Perlis and to evaluate flood hazard using frequency ratio, statistical index and Poisson method. The six factors affecting the occurrence of flood including elevation, distance from the drainage network, rainfall, soil texture, geology and erosion were created using ArcGIS 10.1 software. Flood location map in this study has been generated based on flooded area in year 2010 from DID. These parameters and flood location map were analysed to prepare flood hazard mapping in representing the probability of flood area. The results of the analysis were verified using flood location data in year 2013, 2014, 2015. The comparison result showed statistical index method is better in prediction of flood area rather than frequency ratio and Poisson method.
Introduction
Malaysia is located in the equatorial region being high temperature and high humidity throughout the year. The annual average of rainfall over Malaysia is 2500 millilitres and average temperature is 27 0 C [1] . Most flood occurred resulting of cyclical monsoon with Southwest and Northwest monsoons. Heavy rainfall during monsoon season caused adversely impact to inundation area depends on magnitude of flood. Massive flooding have a devastating impact on economy and livelihood of people such as properties damage and loss of life. In Malaysia, an annual cost of loss is about US$ 274 million and claim lives of people [2] . Therefore, flood prediction is required to determine the area prone to flood and time of flood occurrence in terms of spatial and temporal. Spatial and temporal dynamic of parameter related to flood were analysed in prediction of where and when flood might occur [3] .
Most part of floodplain area, flooding occurs repeatedly almost every year. The development of flood model is important to recognize the susceptible areas with different hazard level for decision makers [4] . Flood hazard mapping can be used to identify a prone area to flood using statistical analysis in GIS software. In the previous study, many methods had been proposed to prepare flood hazard mapping primarily on hydrologic, meteorological and geomorphologic approaches [5] . Basically, method of flood mapping was chosen based on data availability and scale of study area. Selection of suitable method for preparation of flood mapping is very important in determination of accuracy of map.
Materials and Methods

Study area
Perlis is located in northern part of Peninsular Malaysia (Fig.1) . The area of the state also surrounded by Thailand in the north, Kedah in the south and it western coastline is bordered by Straits of Malacca. Located near the equator, Perlis's weather is normally warm and wet throughout the year. It controlled by yearly fluctuation in position of Inter Tropical Convergence Zone resulting distinct rainy periods and prolonged drought period. Perlis was selected as study area on basis of frequent flooding and availability of data. 
Data collection
Flood location map was produced in two set. One of flood location map in Perlis was prepared using November 2010 flood extent from DID in producing of flood hazard mapping (Fig. 1) . In other hand, point of flood in year 2013, 2014 and 2015 were used in validation of flood mapping (Fig. 2) . In analysis of flood hazard mapping, six spatial databases, which consider flood related factor were constructed including elevation, distance from the drainage network, rainfall, soil texture geology and erosion. Each factor was transformed into a grid spatial database by 30m x 30m cell size and grid of Perlis area was constructed by 929 columns and 1744 rows (1, 458, 158, 400 pixels; 1458 km 2 ). A Digital Elevation Model which represent the land surface terrain of the study area was generated from Shuttle Radar Topography Mission (SRTM) which downloaded from United States Geological Survey (USGS) link: https://earthexplorer.usgs.gov/. Distance from drainage networks were calculated using multiple ring buffer in ArcGIS based on annual rainfall. A soil texture, geology and soil erosion were prepared based on field survey by Department of Agriculture. 
Frequency Ratio Model and its Application
Frequency ratio (FR) approached are based on relationship between location of flood area and each flood related factor to derived correlation between flood location and factors in the study area. Therefore, the frequency ratio of each factor's class were calculated from flood event. Analysis of relation is the ratio of area where flood occurred by total area. If value is greater than 1, its means a higher correlation and value below than 1 means lower correlation. Frequency ratio method is used based on assumption that future flood will occurred under similar condition to the past flood using relationships between distribution of flood and each related factor. In calculation of Flood Hazard Index, values of each factor's frequency ratio were summed to produce flood area as in Equation 1:
: Number of pixel of flood area in a certain parameter class, N pix (Ni) : Number of pixel in a certain parameter class Σ Nno.(Si)
: Total number pixel of flood area in a certain parameter class Σ Npix(Ni) : Total number of pixel in a certain parameter class To calculate the flood hazard index, each factor's frequency ratio values were summed using overlay tool in ArcGIS. Flood hazard value represents the relative hazard to flood occurrence resulting greater value is higher the hazard to flood and lower value means lower the hazard of flood. In order to facilitate the map, a map of flood hazard zonation is established by dividing flood hazard index into four different flood hazard zones.
Statistical index
Statistical index (SI) has close similarity to frequency ratio. In this method, weight of every class of each factor is defined as natural logarithm of the flood density in the class divided by total flood density using formula suggested by Van Westen (1997) [6] .
Wi value of each attribute was calculated. Flood hazard map was produced by overlaying all the layers. Flood hazard index for statistical index calculation is similar with frequency ratio.
Poisson method
In this method, the probability of flood is 1. Every class for each factor had been calculated in separately using formulae as below: X = 1 (Probability of flood in every class) θ = Average between number of flood in class and total number of flood The calculation flood hazard index also similar with frequency ratio.
Validation method
For validation of flood hazard calculation methods, two basic assumptions are applied. The first assumption states that flood are related to spatial information such as elevation, distance from the drainage network, rainfall, soil texture geology and erosion. On the other hand, the second assumption is future flood will be triggered by specific factor such as rainfall. In this study, both are assumptions were satisfied when the flood occurrence is related to spatial information and triggered by heavy rainfall.
Validation was performed by comparing known flood location with flood hazard map. In this study area, 23 point location of flood in year 2013, 2014 and 2014 had been used in validation of three methods. Point of flood were extracted in every zone hazard of flood mapping to compare of accuracy of three methods.
Results and Discussions
The relationship between flood occurrence and flood related factors was analysed using frequency ratio, statistical index and Poisson method as shown in Table 1 . Flood hazard mapping was generated using FR method represent the summation of frequency for each classes of each factor (Fig. 4) . Within FR analysis, the relationship between flood occurrence and classes of each factor were obtained. Regarding to the result from Table 1 , geology has significant factor which influence of flood based on water behavior on the ground [7] . According to the result of geology, areas with clay, silt, sand and gravel are most influence on flooding in Perlis. Erosion is one of the huge contributors on flood disaster. Erosion is natural process that reshape of land and transporting soil. In the case of soil texture, most of flood occurred in soil types of clay. Rainfall is a main factor in triggering of flood in Perlis. The heavy rainfall makes the river overflow the bank river resulting temporarily covers the land by water [4] . The highest annual rainfall showed rainfall is significantly factor, which trigger of flood. Moreover, the areas with frequent flood occurrence were located near to the drainage networks. Urbanization aggravates flooding problem due to the increased runoff and sediment transporting capacity thus causing perturbations to river equilibrium [8] . The result of elevation showed the lower elevation was the most influential class on flooding. Flood hazard mapping was produced based on three methods are shown in Fig. 4, Fig. 4 and Fig. 6 . In this study, the validation result for both frequency ratio and statistical index method had shown prediction accuracy of 86.96 %. However, statistical index is better method than frequency ratio because 18 point location in very high of hazard zone meanwhile frequency ratio is 16 location. 
Conclusions
The comparison of three methods showed the statistical index method is best prediction accuracy in Flood Hazard Mapping. Therefore, the statistical method and frequency ratio in this study are valid for generalized planning and assessment purposes. Flood hazard mapping can be used as a great deal of importance for development of land. The findings of this study are intended to help all those involved in land use planning, development and management of land.
